Background: The RANGE (Retrospective ANalysis of GastroEsophageal reflux disease [GERD]) study assessed differences among patients consulting a primary care physician due to GERD-related reasons in terms of: symptoms, diagnosis and management, response to treatment, and effects on productivity, costs and healthrelated quality of life. This subanalysis of RANGE determined the impact of GERD on productivity in work and daily life.
Background
Gastroesophageal reflux disease (GERD) is a condition in which reflux of gastric contents into the esophagus causes troublesome symptoms such as heartburn and regurgitation and/or other complications, including reflux esophagitis [1] . In addition to esophageal manifestations, patients may also experience extraesophageal symptoms such as cough and hoarseness [2] . Current estimates suggest that GERD affects around 10-20% of the European population [3, 4] , with many individuals reporting marked impairment of their health-related quality of life (HRQOL) and general well-being [5] [6] [7] [8] . Productivity, both during leisure time and while working (presenteeism), is also affected [8] [9] [10] [11] [12] . Associated costs can be substantial, with one US study indicating that indirect costs (as a result of presenteeism and/or due to absenteeism) accounted for 19% of the mean incremental cost of GERD to employers [13] . To date, however, few studies have evaluated the impact of GERD on productivity, and associated costs, from a European observational perspective.
The RANGE (Retrospective ANalysis of GERD) study was designed to assess differences among patients consulting with a primary care physician for GERD-related reasons in several European countries. Symptom profile, diagnosis and management, as well as effects on productivity, costs and HRQOL, were examined. Here, we outline the impact of GERD on productivity as part of the RANGE study, while other results of the RANGE study are published elsewhere [14, 15] .
Methods
Study design and patients RANGE (AstraZeneca study code: D9612L00114) was a multinational, observational programme that was conducted as a series of parallel, locally managed studies at 134 primary care sites across six European countries (Germany, Greece, Norway, Spain, Sweden and the UK). The programme was conducted in accordance with the ethical principles described in the Declaration of Helsinki, and was approved by local ethics committees.
At the start of the study, all adult subjects (≥18 years) who consulted with their primary care physician over a 4-month identification period were screened retrospectively for possible inclusion in the study (index visit). Based on medical record review, patients who had consulted at least once for GERD (with or without treatment, and regardless of whether GERD was the main reason for the visit) were identified. Patients were considered to have consulted for GERD-related reasons if they met at least one of the following criteria: they reported troublesome heartburn and/ or regurgitation; GERD had been diagnosed by endoscopy (presence of esophagitis), esophageal pH monitoring (pathological esophageal pH) or by the presence of symptoms only (heartburn and/or regurgitation); GERD complications were recorded (including haemorrhage, stricture or Barrett's metaplasia); or they were prescribed proton pump inhibitors (PPIs), H 2 receptor antagonists and/or antacids for GERD. Exclusion criteria included: prophylactic treatment with PPIs to prevent ulcers in patients taking non-steroidal anti-inflammatory drugs (NSAIDs); PPI use to heal an NSAID-induced ulcer; PPI treatment for Helicobacter pylori eradication; and participation in another clinical study.
From the GERD study population, a randomly selected sample was invited by letter or telephone call to participate in the study (selection of participants was made using the random number generating function of Microsoft Excel, adapted to random without replacement). Patients who agreed to participate were asked to attend a clinic visit (visit 1) at which a range of data were collected during an interview with the physician and from medical record review, including: demographics, medical history, reason for initial consultation (e.g., new symptoms in patients who had never experienced GERD symptoms previously, recurrent or persistent symptoms, follow-up visit in an asymptomatic patient) and GERD symptoms during the previous 7 days (frequency and intensity). Patients were also asked to complete the Work Productivity and Activity Impairment Questionnaire for patients with GERD (WPAI-GERD) [9, 11] . This validated questionnaire uses single items to assess absence from work, presenteeism and productivity during daily life (unpaid, nonprofessional activities) in relation to reflux symptoms, with a 7-day recall period. Responses to productivity questions are graded on a 10-point scale, where higher numbers represent a greater degree of impairment.
Statistical methods
Due to the descriptive objectives of the RANGE study, there were no hypotheses to test with statistical methods to predetermine a needed sample size. Therefore, the choice of target sample was pragmatic, based partly on the need to provide local studies with adequate power to explore the local situation and allow participating countries to fulfil their recruitment agreement. Predefined sample size for Germany, Greece, Norway and Spain was 500 patients (allowing to obtain two-sided 95% confidence intervals for single proportions using the large sample normal approximation that will extend 4.4% from the observed proportion for an expected proportion of 50% [the worst possible case]). In the same way, predefined sample size for Sweden and UK was 300 patients (allowing to obtain confidence intervals that will extend 5.7% in the worst possible case).
Reduced work productivity was measured using the WPAI-GERD questionnaire in two components: the number of hours absent from work (absenteeism) was included as one outcome measure, while the number of work hours lost due to reduced productivity while working (presenteeism) was calculated as the number of hours worked multiplied by the percentage reduction in productivity. The work time missed due to GERD (%) was calculated as [hours absent from work/(hours absent from work + hours actually worked)] multiplied by 100. The lost work productivity score was calculated as [(hours absent from work + percent reduced productivity while working multiplied by hours actually worked)/(hours absent from work + hours actually worked)] multiplied by 100.
Reflux-related productivity losses were transformed into monetary values by multiplying the number of hours lost by the most recent hourly labour cost, by country (according to Eurostat [Statistical Office of the European Communities, Luxembourg]). The monetary value of hours absent was thus calculated as hours absent from work multiplied by the hourly labour cost, and the monetary value of work hours lost due to presenteeism was calculated as work hours lost due to presenteeism multiplied by the hourly labour cost. Values are shown in Euros (€) for ease of comparison.
Results

Patients
Overall, 373,610 subjects consulted with their primary care physician at 134 centres over the identification period, of whom 12,815 (3.4%) did so at least once for GERD-related reasons. From the latter population a subset of 4845 randomly selected patients were invited to participate in the study; 2678 (55%) attended for consultation. The remainder were either non-contactable (n = 612), non-attendees (n = 196) or declined participation (n = 340), while 1019 patients were not invited on the basis that by-country samples sizes were reached. Demographics and clinical characteristics of participating patients, by country of residence, are presented in Table 1 . The profile of patients was generally similar across the six countries surveyed; 53-61% were women and mean age was 53-60 years. Recurrence of GERD symptoms after a period of remission was the most common reason for the index visit in all countries, with the exception of Spain and Sweden (follow-up of an asymptomatic patient). Newly presenting patients with first occurrence of GERD symptoms accounted for 16.7% of the overall study population, ranging from 8% of consulting patients in Norway to 36% of consultations in Greece. Some 43% of patients were employed (including self-employed), ranging from 34% in Spain to 52% in Sweden. Demographic and clinical characteristics of such patients, by country, were generally comparable to the total patient population, with the exception that employed patients were typically younger and less likely to be women (data not shown).
Impact of GERD on productivity
Work productivity Among employed patients, the average number of work hours lost due to GERD-related absenteeism was highest in Germany (3.2 hours/week) and lowest in the UK (0.4 * The employed category included 9 patients for whom employment details were missing, but who were assumed to be in employment as they completed the Work Productivity and Activity Impairment Questionnaire for patients with GERD.
hours/week), with an average of up to 6.7 additional hours lost per week in Norway because of presenteeism ( Table 2 ). The proportion of time per week lost due to GERD-related absenteeism ranged from a mean of 1.6% in Sweden to 9.1% in Germany (Figure 1 ). Presenteeism due to GERD led to mean losses of a further 9.5% in the UK to 20% in Norway. Data were subject to large variability, indicating that some respondents had more absences and/or severe impairment of productivity due to GERD than others.
The monetary impact of GERD-related work absenteeism and presenteeism was substantial in all countries (Table 3 and Figure 2 ). Absenteeism-related costs were greatest in Germany (mean €88/week per employed patient) and lowest in the UK (€6/week per employed patient). Presenteeism led to somewhat higher costs than absenteeism, ranging from an average of €50/week per employed patient in the UK to €251 in Sweden. Total monetary costs of hours absent plus hours lost due to presenteeism were substantial; in Sweden, for example, the mean total monetary value was €273/week per employed patient (Table 3) .
Daily life
Reduced productivity while carrying out activities of daily life was also considerable, with patients experiencing mean productivity reductions ranging from 15% in the UK to 26% in Norway (Figure 1) . Again, the data were subject to marked variability, indicating that daily life was impaired by GERD to a greater extent in some patients than in others.
Discussion
The results of this analysis of the RANGE study show that GERD has a significant impact on patients' work productivity, in terms of absenteeism and presenteeism (decreased productivity while working). Furthermore, patients also experienced a substantial reduction in productivity in daily life. These findings, combined with the considerable impact on patients' HRQOL observed in the RANGE programme [14] , help us to further understand the burden associated with this disease. A structured approach to management of GERD, tailoring therapy according to patient need, may lessen this impact on productivity and, in turn, reduce costs. One way to achieve this might be to employ management tools such as GerdQ [16] , which evaluates the frequency of GERD symptoms, sleep disturbance and use of over-the-counter medication for heartburn and/or regurgitation. In turn, physicians would be better able to quantify the impact of GERD and tailor treatment accordingly.
Generally, Norway, in particular, as well as Sweden, had the highest figures for reduced productivity while working (presenteeism) and in daily life, and work time missed due to GERD symptoms. The lowest figures for all productivity variables were consistently observed in the UK. However, it should be noted that the data observed in this report are subject to considerable variation between the European countries surveyed. Overall, productivity losses reported in this study are higher than those reported in some previous studies. For example, data from a 2004 survey of US respondents with self-reported symptoms of GERD, of whom 58% were employed, reported a 7.5% reduction in work productivity and 0.9 hours of absenteeism per week [8] , compared with up to 20% and 3.2 hours, respectively, in our study. This difference most likely reflects the use of the generic, rather than GERDspecific, version of the WPAI in the 2004 US survey and internet-based recruitment of respondents with selfreported GERD symptoms [8] , rather than physician-diagnosed patients with GERD. Indeed, our results are similar to previous studies in which productivity losses were measured using the WPAI-GERD questionnaire [9, 11] . In one study, GERD symptoms led to 2.5 hours absent from work, 23% reduced productivity due to presenteeism and 30% reduced productivity in activities of daily life [9] . *[(hours absent from work + percent reduced productivity while working multiplied by hours actually worked)/(hours absent from work + hours actually worked)] multiplied by 100. Sample sizes differ for each measure due to missing data, as a small number of patients completed the WPAI-GERD questionnaire (and were therefore assumed to be employed) but did not record their professional details.
It is of interest to compare GERD-related productivity impairments in the RANGE study with findings from other studies in patients with chronic disorders, which have used modified versions of the WPAI questionnaire. For example, in a study that used the allergy-specific version of the WPAI questionnaire among a sample of patients with allergic rhinitis, up to 40% of work time was lost due to presenteeism (compared with 10-20% in RANGE) and a loss of up to 50% in productivity during daily activities was apparent (compared with 15-26% in RANGE) [17] . However, no loss of work time due to absenteeism was reported in this study (compared with 2-9% in RANGE). Another study that used a version of the WPAI modified for irritable bowel syndrome reported productivity reductions of 6% due to absenteeism, 31% due to presenteeism and a 37% impairment in daily activMean (standard deviation) percent productivity lost due to gastroesophageal reflux disease (GERD), as measured using the Work Productivity and Impairment questionnaire for patients with GERD (WPAI-GERD), by country of residence Figure 1 Mean (standard deviation) percent productivity lost due to gastroesophageal reflux disease (GERD), as measured using the Work Productivity and Impairment questionnaire for patients with GERD (WPAI-GERD), by country of residence ities [18] . Further, a study that used the Crohn's disease version of the WPAI found that patients with this disease missed 18% of work time due to absenteeism and > 40% due to presenteeism, in addition to a 52% impairment in daily activities [19] .
Several limitations need to be considered with regard to the RANGE study. For example, patients were randomly selected from those consulting for a number of GERDrelated reasons, including asymptomatic patients undergoing routine follow-up. While the RANGE study population therefore reflected the heterogeneous nature of GERD in primary care, the inclusion of asymptomatic patients may have served to underestimate the true impact of GERD on productivity and associated costs (this may explain why productivity impairment was not as marked as for other chronic diseases, as discussed above). Further investigation of the differences in productivity impact and costs between asymptomatic patients, and those consulting because of symptomatic GERD (including recurrent, persistent or newly occurring symptoms), may be warranted. The heterogeneous nature of the population included in the RANGE study means that many individuals would have been included who do not seek treatment for their GERD symptoms and may therefore not be correctly diagnosed; the productivity impairment in such individuals may also be noteworthy. In addition, the WPAI-GERD questionnaire, while being validated in English and Swedish, has not been validated in German, Greek, Norwegian or Spanish, placing a potential limitation on the accuracy of the data gathered from respondents from these countries. One should also consider the limitations of retrospective and observational studies such as RANGE, in terms of recall bias and difficulties with estimating productivity losses based on subjective reports. It is possible that the 7-day recall period used in the WPAI-GERD may also lead the patients, in whom significant episodes of GERD may only occur every few weeks, to underestimate the impact of this disease on productivity. The impact of GERD may also vary according to the type of work and differences in hourly labour costs, which may account for observed between-country differences in costs related to decreased productivity. Comparisons between countries for monetary transformations should be made with this in mind. Another limitation of the latter analysis is that data are presented in terms of weekly costs; this assumes that the productivity impact of GERD is stable over time, which is likely to not be the case Mean (standard deviation) monetary losses related to work absenteeism and reduced productivity while working (presenteeism) due to gastroesophageal reflux disease (GERD) (transformed from Work Productivity and Impairment questionnaire for patients with GERD [WPAI-GERD]), by country of residence given the typical course of the disease. The inherent limitations associated with calculating monetary losses based on reported labour costs should also be considered along with societal differences between the European countries surveyed in RANGE. Different social security systems, for example, may partly account for the wide variability of data observed in this study.
Conclusion
GERD accounts for a significant burden on primary care patients, in terms of work absenteeism and decreased productivity both while working (presenteeism) and in daily life. The costs to the local economies as a result of GERDrelated absence from work and reduced productivity while working may be substantial across the European countries. Improved management of GERD, with tailoring of therapy to specific patient needs, could be expected to lessen the impact of GERD on productivity, thereby reducing costs.
